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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a lead frame with 
lead separation preventing means, a semiconductor package 
using the lead frame, and a method for fabricating the 
semiconductor package. More particularly, the present 
invention relates to a lead frame having a lead separation 
preventing means provided at a free end of each inner lead 
and adapted to increase a bonding force of the inner lead 
to a resin encapsulate encapsulating the lead frame to 
fabricate a semiconductor package, thereby effectively 
preventing a separation of the inner lead from occurring in 
a singulation process involved in the fabrication of the 
semiconductor package. The present invention also relates 
to the semiconductor package fabricated using the lead 
frame, and a fabrication method for the semiconductor 
package . 

2 . Description of the Related Art 

[0002] In pace with the recent trend of electronic 

appliances, such as electronic products for domestic and 
official purposes, communication appliances, and computers, 
toward a compactness and high performance, semiconductor 
packages, which are used for such electronic appliances, 
have been required to have a compact, highly multi-pinned, 
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light , simple structure . 

[0003] Such a requirement for semiconductor packages has 
resulted in developments of semiconductor packages having 
a structure in which the lower surface of each lead is 
exposed at the bottom of the resin encapsulate. For such 
semiconductor packages, there are bottom lead type 
semiconductor packages and lead end grid array type 
semiconductor packages. Currently, the demand of 

semiconductor packages having such a structure is being 
increased. 

[0004] Similarly to typical quad-flat or bi-flat type 

semiconductor packages, such bottom lead type or lead end 
grid array. type semiconductor packages can be fabricated 
using a well-known method. This method may involve a 
sawing step for cutting a wafer formed with a plurality of 
semiconductor chip units into pieces respectively 
corresponding to those semiconductor chip units, thereby 
separating the semiconductor chip units from one another, 
a semiconductor chip mounting step for mounting the 
semiconductor chip units on respective paddles of lead 
frame units integrally formed on a lead frame strip by 
means of a thermally-conductive adhesive resin, a wire 
bonding step for electrically connecting a free end of each 
inner lead, included in each lead frame unit, to an 
associated one of input/output terminals of the 
semiconductor chip unit mounted on the lead frame unit, a 
resin encapsulate molding step for molding a resin 
encapsulate adapted to encapsulate each semiconductor chip 
unit and a bonding region including bonding wires for the 
semiconductor chip unit, using encapsulating resin, for the 
protection of those elements from external environments, 
thereby forming semiconductor packages each including one 
semiconductor chip unit and one lead frame unit, a 
singulation step for cutting inner portions of dam bars of 
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each lead frame unit, thereby separating the semiconductor 
packages from one another, and a marking step for marking 
characters or signs on the surface of the resin encapsulate 
included in each semiconductor package. In the fabrication 
of quad-flat or bi-flat semiconductor packages, a lead 
forming step is involved to form leads outwardly protruded 
by a considerable length from a resin encapsulate into a 
particular terminal shape, for example, a "J" shape. In 
the fabrication of bottom lead type or lead end grid array 
type semiconductor packages, however, it is typically 
unnecessary to use such a lead forming step. In bottom 
lead type or lead end grid array type semiconductor 
packages, the lower surface or free end of each lead is 
exposed at the bottom of the resin encapsulate. 
Accordingly, the exposed portion of each lead may be 
directly used as an external input/output terminal or 
attached with a solder ball to be used as an external 
input/output terminal . 

[0005] A typical structure of such quad-flat or bi-flat 
semiconductor packages is illustrated in a cross-sectional 
view of Fig. 9. Now, this structure will be described in 
brief in conjunction with Fig. 9. In Fig. 9, the reference 
numeral l f denotes a semiconductor package having a quad- 
flat or bi-flat structure. As shown in Fig. 9, this 
semiconductor package includes a semiconductor chip 2 
bonded to a paddle 16 by means of a thermally-conductive 
epoxy resin 32, and a plurality of leads 11 arranged at 
each of four sides or two facing sides of the paddle 16 in 
such fashion that they are spaced apart from the associated 
side of the paddle 16 while extending perpendicularly to 
the associated side of the paddle 16. The semiconductor 
package also includes a plurality of conductive wires 3 for 
electrically connecting the inner leads 12 to the 
semiconductor chip 2, respectively, and a resin encapsulate 
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4 for encapsulating the semiconductor chip 2 and conductive 
wires 3. The semiconductor package further includes outer 
leads 13 extending outwardly from the inner pads 12, 
respectively. Each outer lead 13 has a particular shape, 
for example, a "J'' shape, so that it is used as an 
input/output terminal in a state in which the semiconductor 
package is mounted on a mother board. 

[0006] Figs. 10A and 10B are, respectively, a plan view 
illustrating a conventional lead frame and a cross- 
sectional view illustrating a bottom lead type 
semiconductor package fabricated using the lead frame, 
respectively. 

[0007] As shown in Fig. 10A, the lead frame, which is 

denoted by the reference numeral 10 includes a paddle 16, 

■ 

tie bars 15 for supporting respective corners of the paddle 
16, a plurality of leads 11 arranged at each of four sides 
of the paddle 16 in such a fashion that they extend 
perpendicularly to the associated side of the paddle 16, 
and dam bars 17 for supporting the leads 11 and tie bars 
15. Each lead 11 has an inner lead 12 encapsulated by a 
resin encapsulate (shown by phantom lines 21 in Fig. 10A) 
to be subsequently formed, and an outer lead 13 extending 
outwardly from the resin encapsulate. Dotted lines 23 
inside the dam bars 17 represent singulation lines along 
which the lead frame 10 1 is cut after completing a 
semiconductor chip mounting process, a wire bonding 
process, and a resin encapsulate molding process. In Fig. 
10A, the reference numeral 18 denotes side rails. 
[0008] The bottom lead type semiconductor package 

denoted by the reference numeral 1" in Fig. 10B is that 
fabricated using the lead frame of Fig. 10A. As shown in 
Fig. 10B, the semiconductor package 1" includes a 
semiconductor chip 2 bonded to the paddle 16 of the lead 
frame 10', along with the leads 11 of the lead frame 10'. 



As mentioned above, the leads 11 are arranged at each of 
four sides of the paddle 16 while being spaced apart from 
the associated side of the paddle 16 by a desired distance. 
The semiconductor package 1" also includes conductive wires 
3 for electrically connecting the inner leads to the 
semiconductor chip 2, and a resin encapsulate 4 for 
encapsulating the semiconductor chip 2 and conductive wires 

3. The outer lead 13 of each lead 11 has a length shorter 
than that of a typical quad-flat semiconductor package. 
Typically, the outer lead of each lead 11 is not subjected 
to any forming process. The lower surface of each inner 
lead 12 is exposed at the bottom of the resin encapsulate 

4, so that it serves as an external input/output terminal, 
along with the lower surface of the associated outer lead 
13. 

[0009] In the above mentioned bottom lead type 

semiconductor package 1", however, the inner leads 12, 
which are encapsulated in the resin encapsulate 4 in such 
a fashion that their lower surfaces are exposed, have a 
planar structure having a simple rectangular shape or an 
end-rounded rectangular shape. By virtue of such a planar 
structure of the inner leads 12, there is a high 
possibility for the leads 11 to be separated from the resin 
encapsulate 4 due to cutting impact applied thereto in a 
singulation process for cutting them inside the dam bars 17 
or for the conductive wires 3 bonded to the leads 12 to be 
short-circuited due to vibrations generated in the 
singulation process. This problem becomes more severe in 
the case of a compact and highly multi-pinned package 
structure having an increased number of leads because the 
increased number of leads results in a reduction in the 
width of each lead, thereby reducing the area of each lead 
contacting the resin encapsulate. 

[0010] In an operation of the semiconductor chip, 
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problems similar to those occurring in the singulation 
process may occur. For example, the bonding force between 
the leads and the resin encapsulate 4 may be degraded due 
to a considerable thermal expansion difference among the 
paddle 16, leads 11, conductive wires 3 and resin 
encapsulate 4. Due to the same reason, the conductive 
wires 3 may be shorted-circuited. 

[0011] Fig. 11 is a cross-sectional view illustrating a 
conventional lead end grid array type semiconductor 
package. This lead end grid array type semiconductor 
package has the same basic structure as that of the bottom 
lead type semiconductor package shown in Fig. 10B. 
Accordingly, the lead end grid array type semiconductor 
package of Fig. 11 will be described only in conjunction 
with its differences from Fig. 10B. 

[0012] The semiconductor package of Fig. 11, which is 

denoted by the reference numeral l f ", has leads 11 formed 
in accordance with a half etch process to have protrusions 
19, respectively. The protrusion 19 of each lead 11 has a 
lower surface exposed at the bottom of the resin 
encapsulate 4. In order to allow the semiconductor package 
1 1 " to have a light, thin, simple and compact structure, 
the peripheral portion of the semiconductor chip 2 extends 
beyond the peripheral edge of the paddle 16 to a region, 
where the inner ends of the leads 11 are positioned. That 
is, the peripheral portion of the semiconductor chip 2 is 
positioned above the inner ends of the leads 11. The 
protrusion 19 of each lead 11 is attached at its lower 
surface with a solder ball 5 serving as an external 
input/output terminal. In the above mentioned conventional 
lead end grid array type semiconductor package l 1 ", 
however, the inner ends of the leads 11 may come into 
contact with the lower surfaces of the semiconductor chip 
2 in the case where the semiconductor chip 2 is bonded to 
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the paddle 16 without keeping , its accurate horizontal 
position, where the inner ends of the leads 11 are raised 
or laterally leaned during the process for injecting melted 
resin of high temperature and pressure to mold the resin 
encapsulate 4, or where the inner ends of the leads 11 are 
deformed, due to a careless operator, in such a fashion 
that they are raised. When the inner ends of the leads 11 
come into contact with the lower surface of the 
semiconductor chip 2, a short circuit or electric leakage 
may occur. As a result, the semiconductor package 1 1 " may 
operate abnormally or break down. 

[0013] In the fabrication of the above mentioned 

conventional lead end grid array type semiconductor package 
l 1 ", there is also a possibility for the protrusions 19 of 
the leads 11 to be partially or completely coated with the 
encapsulating resin at their lower surfaces due to a flash 
phenomenon which may occur in the resin molding process. 
The flash phenomenon is a phenomenon wherein the melted 
encapsulating resin spreads through gaps defined by the 
leads and a mold used. In such a case, it is impossible to 
securely attach solder balls 5 to the protrusions 19 of the 
leads 11. Although the attachment of solder balls 5 is 
achieved, these solder balls 5 may be easily detached. 
Furthermore, the attached solder balls 5 exhibit a degraded 
conduction quality. Consequently, there is a high 
possibility for the solder balls 5 to lose their function 
as external terminals. 

[0014] In order to solve this problem, conventional 

semiconductor package fabricating methods involve a process 
for removing set resin film partially or completely coated 
over the lower surface of each protrusion 19, that is, a 
solder ball land 19a, after the completion of the molding 
process. Conventionally, this process is carried out using 
a chemical treating method using a strong acid such as 
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sulfuric acid or hydrochloric acid or a mechanical treating 
method using metal bead impact or water jet. However, the 
chemical treating method involves problems of environmental 
pollution and requirement of purification. On the other 
hand, the mechanical treating method involves formation of 
cracks in the resin encapsulate 4, generation and 
accumulation of static electricity, and existence of 
residual flashed resin in a set state. 

SUMMARY OF THE INVENTION 

[0015] Therefore, a primary object of the invention is 
to provide a lead frame provided with a lead lock adapted 
to increase the bonding force of inner leads to a resin 
encapsulate, thereby being capable of effectively 
preventing a separation of the leads from the resin 
encapsulate upon cutting the leads for a singulation of 
bottom lead type semiconductor packages. The embodiments 
of lead locks described herein prevent the leads from being 
separated from the encapsulate in a lateral direction 
parallel to the length of the lead and/or a vertical 
direction perpendicular to the length of the lead. 
[0016] A secondary object of the invention is to provide 
a semiconductor package fabricated using the lead frame 
capable of accomplishing the primary object of the 
invention . 

[0017] A third object of the invention is to provide a 
lead end grid array type semiconductor package having an 
insulating structure capable of preventing the inner ends 
of leads from coming, at their upper surfaces, into contact 
with the lower surface of an associated semiconductor chip. 
[0018] A fourth object of the invention is to provide a 
method for fabricating the semiconductor package capable of 
accomplishing the third object of the invention. 
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[0019] A fifth object of the invention is to provide a 
method for fabricating a lead end grid array semiconductor 
package, which method is capable of safely and surely 
removing set resin coated on solder ball lands after being 
flashed, without causing generation of static electricity, 
formation of cracks, environmental pollution, and 
requirement of any separate machine. 

[0020] In accordance with one aspect, the present 
invention provides a lead frame for a bottom lead type or 
lead end grid type semiconductor package comprising: a 
rectangular or square paddle for mounting a semiconductor 
chip thereon; a plurality of tie bars for supporting the 
paddle; a plurality of leads arranged at each of four sides 
or two facing sides of the paddle in such a fashion that 
they are spaced apart from the associated side of the 
paddle while extending perpendicularly to the associated 
side of the paddle, each of the leads having one or more 
lead locks adapted to increase a bonding force of the lead 
to a resin encapsulate subsequently molded to encapsulate 
the lead frame for fabrication of the semiconductor 
package; and dam bars for supporting the leads and the tie 
bars . 

[0021] In accordance with another aspect, the present 
invention provides a semiconductor package comprising: a 
paddle; a semiconductor chip mounted on the paddle by an 
adhesive layer interposed between the paddle and the 
semiconductor chip; a plurality of leads arranged at each 
of four sides or two facing sides of the paddle in such a 
fashion that they are spaced apart from the associated side 
of the paddle while extending perpendicularly to the 
* associated side of the paddle, each of the leads having one 
or more lead locks; conductive wires for electrically 
connecting respective inner ends of the leads to the 
semiconductor chip; a resin encapsulate for encapsulating 
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the semiconductor chip and the conductive wires; and each 
of the leads having a lower surface exposed at the bottom 
of the resin encapsulate within a region where the resin 
encapsulate is arranged. 

[0022] In accordance with another aspect, the present 
invention provides a semiconductor package comprising: a 
paddle, a plurality of leads arranged at each of four sides 
or two facing sides of the paddle in such a fashion that 
they are spaced apart from the associated side of the 
paddle while extending perpendicularly to the associated 
side of the paddle, each of the leads having a protrude at 
a lower surface thereof; a semiconductor chip mounted on 
the paddle in such a fashion that a peripheral portion 
thereof is arranged over an inner end of each of the leads; 
an electrical insulator for preventing the leads from 
coming into electrical contact with the semiconductor chip; 
conductive wires for electrically connecting respective 
inner ends of the leads to the semiconductor chip; and a 
resin encapsulate for encapsulating the semiconductor chip 
and the conductive wires. 

[0023] In accordance with another aspect, the present 
invention provides a method for fabricating semiconductor 
packages by mounting semiconductor chips each having 
input/output pads on paddles of lead frame units included 
in a lead frame strip, each of the lead frame units having 
a plurality of leads each having an inner lead and an outer 
lead integral with each other, each of the semiconductor 
chip being arranged over the inner leads of the leads 
associated therewith at a peripheral portion thereof, 
comprising: a semiconductor chip mounting step for mounting 
each of the semiconductor chips on at least the upper 
surfaces of the inner leads associated therewith by 
thermally-conductive insulator; a wire bonding step for 
electrically connecting an inner end of each inner lead to 
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an associated one of input/output pads of the semiconductor 
chip via a conductive wire; a resin encapsulate molding 
step for molding a resin encapsulate adapted to encapsulate 
the semiconductor chip along with the conductive wires and 
the inner leads associated with the semiconductor chip 
while allowing each of the associated inner leads to have 
a portion exposed at the bottom of the resin encapsulate; 
and a singulation step for cutting the outer leads of the 
lead frame strip around the resin encapsulates at regions 
where outer ends of the outer leads respectively included 
in adjacent ones of the lead frame units are connected to 
each other. 

[0024] In accordance with another aspect, the present 
invention provides a method for fabricating semiconductor 
packages comprising: a lead frame preparing step for 
preparing a lead frame strip including a plurality of lead 
frame units each having a paddle, and a plurality of leads 
each having an inner lead and an outer lead integral with 
each other, the inner lead having a protrusion protruded 
from a lower surface of the inner lead at an inner end of 
the inner lead; a semiconductor chip mounting step for 
mounting a semiconductor chip on the paddle of each of the 
lead frame units; a wire bonding step for electrically 
connecting the mounted semiconductor chip to the inner end 
of each of the inner leads at an upper surface of the inner 
lead via a conductive wire; a resin encapsulate molding 
step for molding a resin encapsulate adapted to encapsulate 
the semiconductor chip along with the conductive wires and 
the inner ends of the inner leads associated with the 
semiconductor chip while allowing each of the protrusions 
to have a lower surface exposed at the bottom of the resin 
encapsulate; a marking and cleaning step for radiating a 
laser beam onto a surface of the resin encapsulate to mark 
characters or signs on the surface of the resin encapsulate 
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while radiating a laser beam onto the lower surface of each 
of the protrusions to remove set resin coated on the lower 
surface of the protrusion after being flashed during the 
resin encapsulate molding step; and a singulation step for 
cutting the outer leads of the lead frame strip around the 
resin encapsulates at regions where the outer ends of the 
outer leads respectively included in adjacent ones of the 
lead frame units are connected to each other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] Other objects and aspects of the invention will 
become apparent from the following description of 
embodiments with reference to the accompanying drawings in 
which: 

[0026] Fig, 1 is a plan view illustrating a lead frame 
provided with a locking lug type lead lock in accordance 
with a first embodiment of the present invention; 
[0027] Fig. 2 is a plan view illustrating a lead frame 
having a disk type lead lock in accordance with a second 
embodiment of the present invention; 

[0028] Figs. 3A and 3B are plan views respectively 

illustrating lead frames having a dimple type lead lock in 
accordance with a third embodiment of the present 
invention; 

[0029] Fig. 3C is a cross-sectional view partially 

illustrating a semiconductor package fabricated using a 
lead frame provided with at least one aperture, in place of 
the dimple, as the lead lock; 

[0030] Fig. 4 is a cross-sectional view partially 

illustrating a semiconductor package fabricated using a 
lead frame having a side wall type lead' lock according to. 
a fourth embodiment of the present invention; 
[0031] Figs. 5A to 5D are bottom plan views respectively 
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illustrating lead frames having an etch type lead lock 
according to a fifth embodiment of the present invention; 
[0032] Fig. 5E is a cross-sectional view partially 

illustrating a semiconductor package fabricated using the 
lead frame shown in Fig. 5A; 

[0033] Figs. 6A and 6B are cross-sectional views 

partially illustrating lead frames configured to have a 
bent-lead lead lock in accordance with a sixth embodiment 
of the present invention, respectively; 

[0034] Figs. 7A to 7D are cross-sectional views 

respectively illustrating lead end grid array type . 
semiconductor packages according to other preferred 
embodiments of the present invention; 

[0035] Fig. 8 is an enlarged view corresponding to a 

portion A of Fig. 7D; 

[0036] Fig. 9 is a cross-sectional view illustrating a 
conventional quad-flat or bi-flat semiconductor package; 
[0037] Figs. 10A and 10B are a plan view illustrating a 
conventional lead frame and a cross-sectional view 
illustrating a bottom lead type semiconductor package 
fabricated using the conventional lead frame, respectively; 
and 

[0038] Fig. 11 is a cross-sectional view illustrating a 
conventional lead end grid array type semiconductor 
package . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0039] Figs. 1 to 6B illustrate lead frames respectively 
according to various embodiments of the present invention 
adapted to accomplish the primary and secondary objects of 
the present invention. All the lead frames, which are 
denoted in the reference numeral 10 in Figs. 1 to 6B, have 
a basic configuration including a rectangular or square 
paddle 16, a plurality of tie bars 15 for supporting the 
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paddle 16, and a plurality of leads 12 arranged at each of 
four sides or two facing sides of the paddle 16 while being 
spaced apart from the associated side of the paddle 16. 
Each~lead 12 is provided, at its portion adjacent to the 
paddle 16, with a lead lock 14 adapted to increase the 
bonding force of the lead 12 to a resin encapsulate 4 to be 
subsequently formed. The lead lock embodiments prevent 
separation of the leads from the encapsulant resin in a 
lateral and/or vertical direction. The basic lead frame 
configuration also includes dam bars 17 for supporting the 
leads 12 and tie bars 15. 

[0040] The lead frames shown in Figs. 1 to 6B can be 

advantageously used to fabricate bottom lead type 
semiconductor packages in which the entire lower surface of 
each inner lead 12 is exposed at the bottom of the resin 
encapsulate 4, as shown in Figs. 3C, 3D, 4, 5E, 6A, and 6B, 
or lead end grid type semiconductor packages in which only 
the lower surface of the protruded end 19 protruded from 
the lower surface of each inner lead 12 is exposed at the 
bottom of the resin encapsulate 4, as shown in Figs. 7A to 
7D. 

[0041] Now, the lead frames adapted to accomplish the 
primary and secondary objects of the present invention will 
be described in conjunction with Figs. 1 to 6B, 
respectively. In Figs. 1 to 6B, elements respectively 
corresponding to those in Figs. 9 to 10B are denoted by the 
same reference numerals. 

[0042] Fig. 1 is a plan view illustrating a lead frame 

1 which is provided with locking lug. type lead lock 14 in 
accordance with a first embodiment of the present 
invention. As shown in Fig. 1, the lead frame 1 basically 
includes a paddle 16, tie bars 15 for supporting four 
corners of the paddle 16, a plurality of leads 11 arranged 
adjacent to each of four sides of the paddle 16 while 
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extending perpendicularly to the associated side of the 
paddle 16, and dam bars 17 for supporting the leads 11 and 
tie bars 15. 

[0043'] The paddle 16 has a flat plate shape, as shown in 
Fig. 1. In order to increase the bonding force to the 
resin encapsulate (not shown) , the paddle 16 has a 
partially etched structure at its peripheral portion. 
However, the present invention is not limited to such a 
structure of the paddle 16. In accordance with the present 
invention, the paddle 16 may have a rectangular or square 
frame structure having a central opening. The shape and 
area of the paddle and the structure of the paddle 
including a central opening or not including the central 
opening are optional. The present invention is not limited 
by these factors. In accordance with the present 
invention, the tying position and number of the tie bars 15 
are also optional. These factors are not construed to 
limit the present invention. 

[0044] In accordance with the embodiment of the present 
invention illustrated in Fig. 1, the lead lock 14 comprises 
locking lugs laterally protruded from opposite side edges 
of each inner lead 12 at a free end of the inner lead 12, 
respectively. Although each locking lug has a rectangular 
shape in the illustrated case, it is not limited thereto.. 
The locking lugs may have a variety of shapes such as a 
triangular shape or a circular shape. The number of 
locking lugs is also optional. For example, only one 
locking lug may be formed at one side edge of each inner 
lead 12. Alternatively, a plurality of locking lugs may be 
formed at each side edge of each inner lead 12. 
[0045] Since each inner lead 12 is provided with the 

lead lock 14 comprising locking lugs in accordance with the 
embodiment of the present invention shown in Fig. 1, all 
leads 11 can be firmly locked in position even when they 
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receive cutting impact during a singulation process carried 
out after the formation of a resin encapsulate. 
Accordingly, there is no possibility for the leads 11 to be 
separated (e.g., in a lateral direction) from the resin 
encapsulate 4 or for the conductive wires 3 bonded to the 
leads 11 to be short-circuited due to vibrations generated 
in the singulation process. 

[0046] Alternatively, each tie bar 15 may have a 

partially etched structure at its portion arranged within 
a region where the paddle 16 and/or resin encapsulate is 
formed, in order to achieve an enhancement in the bonding 
strength to the semiconductor chip and/or resin 
encapsulate. For the same purpose, each lead 11 may be 
partially etched to have a partially etched structure at 
its inner end. 

[0047] Dotted lines 23 inside the dam bars 17 represent 
singulation lines along which the lead frame 10' is cut 
after completing a semiconductor chip mounting process, a 
wire bonding process, and a resin encapsulate molding 
process. In Fig. 10A, the reference numeral 18 denotes 
side rails. 

[0048] Fig. 2 is a plan view illustrating a lead frame 
10 having disk type lead lock 14 in accordance with a 
second embodiment of the present invention. The lead frame 
of the second embodiment has the same basic configuration 
as that of the first embodiment, except for the shape of 
the lead lock 14. Accordingly, no description will be made 
for the same basic configuration. 

[0049] In accordance with the second embodiment of the 
present invention, the lead lock 14 of each inner lead 12 
forms a free end of the inner lead 12 by itself. As shown 
in Fig. 2, the lead lock 14 has an enlarged disk shape 
having a diameter larger than the width of each inner lead 
12. Of course, this shape is not construed to limit the 
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present invention. The lead lock 14 may have an oval shape 
or a double disk shape. The double disk shape may be 
formed to have at least two disk portions. For example, 
such a double disk shape may be a three or four-leafed 
clover shape. 

[0050] Since each inner lead 12 is provided with the 

lead lock 14 having an enlarged disk structure in 
accordance with the embodiment of the present invention 
shown in Fig. 2, all leads 11 can be firmly locked in 
position even when they receive cutting impact during a 
singulation process carried out after the formation of a 
resin encapsulate. Accordingly, there is no possibility 
for the leads 11 to be separated from the resin encapsulate 
4 or for the conductive wires 3 bonded to the leads 11 to 
be short-circuited due to vibrations generated in the 
singulation process. For example, lateral motion of the 
encapsulated lead is prevented. 

[0051] Figs. 3A and 3B are plan views respectively 

illustrating a lead frame 10 having dimple type lead 
lock(s) 14 in accordance with a third embodiment of the 
present invention. The lead frame of the third embodiment 
has the same basic configuration as those of the first and 
second embodiments, except that the lead lock(s) 14 has a 
dimple shape. Accordingly, no description will be made for 
the same basic configuration. 

[0052] In accordance with the third embodiment of the 

present invention illustrated in Figs. 3A and 3B, the lead 
lock 14 of each inner lead 12 comprises one or two dimples 
formed at a free end of the inner lead 12. By virtue of 
such dimples, all leads 11 can be firmly locked in position 
even when they receive cutting impact during a singulation 
process carried out after the formation of a resin 
encapsulate. Accordingly, there is no possibility for the 
leads 11 to be separated from the resin encapsulate 4 or 
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for the conductive wires 3 bonded to the leads 11 to be 
short-circuited due to vibrations generated in the 
singulation process. 

[0053'] Fig. 3A illustrates a case in which a single 

dimple is centrally formed at the free end of each inner 
lead 12. On the other hand, Fig. 3B illustrates a case in 
which two dimples are formed at opposite sides of the each 
inner lead 12, respectively, in such a fashion that each of 
them extends partially over an associated peripheral edge 
of the inner lead 12 and an associated side surface of the 
inner lead 12. Such a dimple structure is not construed to 
limit the present invention. The number and position of 
dimples are optional in accordance with the present 
invention. Such dimples may be additionally provided at 
each inner lead configured in accordance with the first or 
second embodiment. Such a configuration is optional in 
accordance with the present invention. 

[0054] Fig. 3C is a cross-sectional view partially 

illustrating a semiconductor package 1 fabricated using a 
lead frame 10 having the same configuration as the lead 
frame of Fig. 3A. As shown in Fig. 3C, this semiconductor 
package 1 includes a semiconductor chip 2 mounted on a 
paddle 16 of the lead frame 10 by means of an adhesive 
layer, leads 11 each provided at an inner end thereof with 
a dimple as a lead lock 14, conductive wires 3 for 
electrically connecting an inner free end of an inner lead 
12 included in each lead 11 to the semiconductor chip 2, 
and a resin encapsulate 4 for protecting the semiconductor 
chip 2 and conductive wires 3 from external environments. 
In this semiconductor package 1, the leads 11 are firmly 
locked to the resin encapsulate 4 by virtue of the dimples 
each formed on the upper surface of each inner lead 12 at 
the inner end of the inner lead 12. 

[0055] Fig. 3D is a cross-sectional view partially 
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illustrating a semiconductor package 1 fabricated using a 
lead frame (not shown) provided with at least one aperture, 
in place of the dimple, as the lead lock 14 for each lead 
11. "'in this case, the aperture serves to firmly lock the 
associated lead 11 to the resin encapsulate 4. 
Accordingly, there is no possibility for the leads to be 
separated from the resin encapsulate 4 during a singulation 
process. For example, lateral motion of the encapsulated 
lead is prevented. 

[0056] Fig. 4 is a cross-sectional view partially 

illustrating a semiconductor package 1 fabricated using a 
lead frame (not shown) according to a fourth embodiment of 
the present invention. In accordance with the fourth 
embodiment, each lead 11 has an inverted-trapezoidal cross 
section in such a fashion that it has a maximum width at 
the top thereof and a minimum width at the bottom thereof. 
That is, each lead 11 has inclined side walls serving as 
lead lock 14. Since each lead 11 has a taper structure 
increasing in width as it extends inwardly into the resin 
encapsulate 4 from the bottom of the resin encapsulate 4, 
there is no possibility for the leads 11 to be separated 
from the resin encapsulate 4 even when they receive cutting 
impact during a singulation process. 

[0057] The semiconductor packages 1, which are 

illustrated in Figs. 3C to 4 respectively, have a typical 
structure including a semiconductor chip 2 mounted on the 
paddle 16 of the lead frame 10 by means of an adhesive 
layer, leads 11 arranged adjacent to each of four sides of 
the paddle 16 while extending perpendicularly to the 
associated side of the paddle 16, each of the leads 11 
having a lead lock 14, conductive wires 3 for electrically 
connecting an inner end of each lead 11 to the 
semiconductor chip 2, and a resin encapsulate 4 for 
encapsulating the semiconductor chip 2 and conductive wires 
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3. In this package structure, each lead 11 has a lower 
surface exposed at the bottom of the resin encapsulate 4. 
[0058] Figs. 5A to 5D are bottom plan views respectively 
illustrating lead frames 10 according to a fifth embodiment 
of the present invention. The lead frames 10 of the fifth 
embodiment have the same basic configuration as those of 
the above mentioned embodiments/ except that a partially 
etched portion extends from the inner end of each inner 
lead 12 as the lead lock 14. Accordingly, no description 
will be made for the same basic configuration. Fig. 5E is 
a cross-sectional view partially illustrating a 
semiconductor package 1 fabricated using one of the lead 
frames 10 respectively shown in Figs. 5A to 5D. 
[0059] In the case of Fig. 5A, an extension extends 

inwardly from the inner end of each inner lead 12. The 
extension has a partially etched structure in such a 
fashion that its lower surface has a higher level than that 
of the lower surface of the associated inner lead 12 to 
provide a lead separation preventing means 14. The 
partially etched extensions of the inner leads 12 arranged 
adjacent to each side of the paddle 16 are inclined toward 
the center of the paddle side in such a fashion that they 
have an increased inclination at positions away from the 
center of the paddle side, that is, toward the corners of 
the paddle 16. That is, the partially etched extensions 
arranged adjacent to both ends of each side of the paddle 
16 extend substantially in parallel to the tie bars 15 
arranged adjacent thereto, respectively. Since the lower 
surface of each extension has a higher level than that of 
the lower surface of the associated inner lead 12, the 
extension is encapsulated in a resin encapsulate 4 molded 
in a resin encapsulating process, as shown in Fig. 5E. 
Accordingly, all leads 11 can be firmly locked in position 
(e.g., laterally and vertically) even when they receive 
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cutting impact during a singulation process. Accordingly, 
it is possible to effectively prevent the leads 11 from 
being separated from the resin encapsulate 4 in the 
singulation process. 

[0060] In the case of Fig. 5B, "wings extend laterally 

from opposite side edges of each inner lead 12, 
respectively. Each wing has a partially etched structure 
in such a fashion that its lower surface has a higher level 
than that of the lower surface of the associated inner lead 
12 to provide a lead lock 14. No wing is provided at the 
side edge of each inner lead 12 arranged adjacent to an 
associated one of the tie bars 15. However, this is not 
construed to limit the present invention. In accordance 
with the present invention, wings may be provided at both 
side edges of each inner lead 12 arranged adjacent to an 
associated one of the tie bars 15. 

[0061] In the case of Fig. 5C, a lug 19b is protruded 

from the upper surface of each inner lead 12 at the inner 
end of the inner lead 12, in addition to the wings, to 
provide a lead lock 14. The lug 19b can be electrically 
connected directly to an associated one of pads on a 
semiconductor chip. Such a lug may be applied to any one 
of the above mentioned embodiments of the present invention 
or embodiments to be described hereinafter. 
[0062] In the case of Fig. 5D, Z-shaped wings extend 

from opposite side edges of each inner lead 12 at the inner 
end of the inner lead 12, respectively. Each wing has a 
partially etched structure in such a fashion that its lower 
surface has a higher level than that of the lower surface 
of the associated inner lead 12 to provide a lead lock 14. 
No wing is provided at the side edge of each inner lead 12 
arranged adjacent to an associated one of the tie bars 15. 
However, this is not construed to limit the present 
invention. Also, although the wings have a Z shape, they 
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may have other shapes. 

[0063] Referring to Fig. 5E, it can be found that the 
lead lock 14 comprises a partially etched portion extending 
inwardly from the inner end of each lead 12 while being 
buried in a resin encapsulate 4. Such a partially etched 
portion may also be provided at the intermediate portion of 
each lead 12, as shown in Fig. 5E. Although the partially 
etched portions are shown as being formed by partially 
etching the low surface of each lead 12, they may be formed 
at the upper surface of each lead 12. The formation of the 
partially etched portion at the intermediate portion of 
each lead 12 is optional in accordance with the present 
invention . 

[0064] Figs. 6A and 6B are cross-sectional views 

partially illustrating lead frames 10 configured to have 
a bent lead lock 14 in accordance with a sixth embodiment 
of the present invention, respectively. The lead frames of 
the sixth embodiment have the same basic configuration as 
those of the above mentioned embodiments, except that the 
inner end of each inner lead 12 has a bent structure to 
provide the lead lock 14. Accordingly, no description will 
be made for the same basic configuration. 

[0065] In accordance with the sixth embodiment of the 

present invention, the lead lock 14 is provided by simply 
bending the inner end of each inner lead 12. Accordingly, 
this embodiment is more effective to prevent the leads 11 
from being separated from a resin encapsulate in a 
singulation process, as compared to the embodiments 
involving formation of locking lugs, wings, or dimples. In 
the case of Fig. 6A, the lead lock 14 comprises the inner 
end of each inner lead 12 upwardly bent in perpendicular to 
the plane of the inner lead 12. In the case of Fig. 6B, 
the lead lock 14 comprises the inner end of each inner lead 
12 bent by an angle of about 180 degrees in such a fashion 
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that it extends in parallel to the plane of the inner lead 
12. The bending direction of the inner end of each inner 
lead 12 is optional in accordance with the present 
invention . 

[0066] Although a variety of ' lead frames 10 and a 

variety of semiconductor packages 1 using those lead frames 
10 in accordance with the above mentioned first through six 
embodiments of the present invention have been described, 
it will be appreciated that a lead frame configured in 
accordance with an optional combination of the above 
mentioned embodiments and a semiconductor package 
fabricated using this lead frame may also be included in 
the scope of the present invention. 

[0067] Figs. 7A to 7D are cross-sectional views 

respectively illustrating lead end grid array type 
semiconductor packages 1 according to other embodiments of 
the present invention adapted to accomplish the third and 
fourth objects of the present invention. 

[0068] The semiconductor packages 1, which are 

illustrated in Figs. 7A to 7D respectively, have a typical 
structure including a paddle 16, and leads 11 arranged 
adjacent to each of four sides or two facing sides of the 
paddle 16 while extending perpendicularly to the associated 
side of the paddle 16. Each lead 11 has an inward 
protrusion 19 at the inner end thereof. The package 
structure also includes a semiconductor chip 2 mounted on 
the paddle 16 in such a fashion that its peripheral portion 
is arranged on or above the inner ends of the leads 11, an 
electrical insulating means 32 for preventing an electrical 
contact between the upper surface of each lead 11 at the 
inner end of the lead 11 and the lower surface of the 
semiconductor chip 2 at the peripheral portion of the 
semiconductor chip 2, conductive wires 3 for electrically 
connecting the leads 11 to the semiconductor chip, 
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respectively, a resin encapsulate 4 for encapsulating the 
semiconductor chip 2 and conductive wires 3, and solder 
balls 5 attached to the lower surfaces of the protrusions 
19 of*' the leads 11 arranged within a region where the resin 
encapsulate 4 is formed, respectively. The solder balls 5 
serve to external input/output terminals. 

[0069] In the case of Fig. 7A, the leads 11 may 

selectively have a lead separation preventing means (not 
shown) . In accordance with the embodiment illustrated in 
Fig. 7A, the electrical insulating means 32 comprises a 
double-sided adhesive polyimide tape or a typical adhesive 
polymer resin layer. The polymer resin may be, for 
example, epoxy resin. The protrusion 19 of each lead 11 is 
formed by partially etching the lower surface of the lead 
11 at the inner end of the lead 11 and locks the lead to 
encapsulant 4. Each protrusion 19 has a lower surface 
serving as a solder ball land 19a, This solder ball land 
19a is exposed at the bottom of the resin encapsulate 4. 
The solder ball lands 19a of the leads 11 .are selectively 
attached with solder balls 5 serving as external 
input/output terminals. 

[0070] In the semiconductor package 1 illustrated in 

Fig. 7A, a thermally-conductive adhesive layer 31 is 
interposed between the lower surface of the semiconductor 
chip 2 and the upper surface of the paddle 16. Also, an 
insulating adhesive layer, which serves as the electrical 
insulator layer 32, is interposed between the upper surface 
of each lead 11 at the inner end of the lead 11 and the 
lower surface of the semiconductor chip 2 at the peripheral 
portion of the semiconductor chip 2. 

[0071] Accordingly, it is possible to effectively 

eliminate a short circuit occurring when the leads come 
into contact with the lower surface of the semiconductor 
chip 2 at its upper surface. Also, all leads 11 can be 
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f irmly locked in position even when they receive cutting 
impact during a singulation process carried out after the 
formation of the resin encapsulate 4. Accordingly, there 
is ncT possibility for the lea'ds 11 to be separated from the 
resin encapsulate 4 or for the conductive wires 3 bonded to 
the leads 11 to be short-circuited due to heat or 
vibrations. 

[0072] The phenomenon wherein the leads 11 come into 

contact with the lower surface of the semiconductor chip 2 
may occur in the case wherein the semiconductor chip 2 is 
bonded to the paddle 16 without keeping its accurate 
horizontal position, wherein a lead sweeping phenomenon 
causing the inner ends of the leads 11 to be raised or 
laterally leaned occurs during the process for injecting 
melted resin of high temperature and pressure to mold the 
resin encapsulate 4 7 or wherein the inner ends of the leads 
11 are deformed, due to a careless operator, in such a 
fashion that they are raised. When the leads 11 come into 
contact with the lower surface of the semiconductor chip 2, 
as mentioned above, a short circuit or electric leakage may 
occur. As a result, the semiconductor package 1 1 " of Fig. 
11 may operate abnormally or break down. 

[0073] For the thermally-conductive adhesive layer 31 

for bonding the semiconductor chip 2 to the paddle 16, a 
silver-filled epoxy resin adhesive is typically used, even 
though the present invention is not limited thereto. The 
thermally-conductive adhesive layer 31 and/or the 
insulating adhesive layer 32 as the electrical insulating 
means is coated in accordance with a printing or dispensing 
process. The coated layer is set at a high temperature 
after the mounting of the semiconductor chip 2, so as to 
firmly bond the semiconductor chip 2. Where a double-sided 
adhesive polyimide tape is used as mentioned above, it may 
be attached to the inner end of each inner lead 12. 
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Alternatively/ double-sided adhesive polyimide tapes each 
having a strip shape may be used. In this case, each 
double-sided adhesive polyimide tape is attached to the 
innef ends of the inner leads 12 arranged adjacent to an 
associated side of the paddle 16. Alternatively , a double- 
sided adhesive polyimide tape is attached to the inner ends 
of the inner leads 12 arranged adjacent to an associated 
side of the paddle 16. Alternatively, a double-sided 
adhesive polyimide tape having a rectangular or square loop 
shape may also be used. In this case, the tape is attached 
to the inner ends of all inner leads 12 arranged around the 
paddle 16 (Fig. 1) . 

[0074] The semiconductor package 1 of Fig. 7B has the 

same basic configuration as that of Fig. 7A, except that 
only the insulating adhesive layer 32 made of an insulating 
adhesive resin such as an epoxy adhesive resin is formed on 
the paddle 16 without formation of the thermally-conductive 
adhesive layer 31 made of, for example, a silver-filled 
epoxy resin. Accordingly, no further description will be 
made . 

[0075] The semiconductor package 1 of Fig. 7C has the 

same basic configuration as that of Fig. 7A. Accordingly, 
no description will be made for the same basic 
configuration. In the case of Fig. 7C, an insulating 
material such as polyimide is uniformly coated over the 
entire lower surface of the semiconductor chip 2 using a 
well-known process such as a spin coating process, a duct 
blade process, a spraying process, a dispensing process or 
a printing process. The coated layer is then set at a high 
temperature. Practically, the insulating material is 
coated over a wafer (not shown) including a plurality of 
semiconductor chips 2. Accordingly, a sawing process is 
carried out to separate the wafer into package units 
respectively including individual semiconductor chips 2 
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each coated with the insulating layer 32 over the entire 
lower surface thereof. Each semiconductor chip 2 is then 
mounted on the paddle 16 of a lead frame having a 
configuration according to the present invention by means 
of a well-known thermally-conductive adhesive layer. In 
the case of Fig. 7C, accordingly, the inner end of each 
lead 11 is maintained not to come into direct contact with 
the lower surface of the semiconductor chip 2. As a 
result, there is no problem such as a short circuit or 
electric leakage even when the semiconductor chip 2 is 
bonded to the paddle 16 without keeping its accurate 
horizontal position or when a lead sweeping phenomenon 
occurs during a molding process. 

[0076] The semiconductor package 1 of Fig. 7D has the 
same basic configuration as that of Fig. 7A, except that 
only the insulating adhesive layer 32 made of an insulating 
adhesive resin such as an epoxy adhesive resin is formed on 
the paddle 16. Accordingly, no further description will be 
made . 

[0077] The semiconductor package 1, which has a 

configuration shown in one of Figs. 7A to 7D, can be 
fabricated by mounting a semiconductor chip 2 having 
input/output pads (not shown) on the paddle 16 of a lead 
frame 10 having a plurality of leads 11, each having an 
inner lead and an outer lead integral with each other, in 
such a fashion that the peripheral portion of the 
semiconductor chip 2 is arranged on or above the inner 
leads of the leads 11 in accordance with a fabrication 
method of the present invention. This method includes a 
semiconductor chip mounting step for mounting a 
semiconductor chip on the upper surface of inner leads, 
included in each of lead frame units of a lead frame strip, 
at the inner ends of the inner leads by means of a 
thermally-conductive insulating means 32, a wire bonding 
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step for electrically connecting the inner end of each 
inner lead to an associated one of input/output pads of the 
semiconductor chip via a conductive wire 3, a resin 
encapsulate molding step for molding a resin encapsulate 4 
adapted to encapsulate the semiconductor chip along with 
the conductive wires 3 and inner leads associated with the 
semiconductor chip while allowing each of the associated 
inner leads to have a portion exposed at the bottom of the 
resin encapsulate 4, an optional solder ball attaching step 
for attaching solder balls 5, as external input/output 
terminals, to the exposed portions of the inner leads, and 
a singulation step for cutting the outer leads of the lead 
frame strip around the resin encapsulates 4 at regions 
where the outer ends of the outer leads respectively 
included in adjacent ones of the lead frame units are 
connected to each other. 

[0078] Since the formation of the electrical insulating 
means 32 has been described in detail, no description 
thereof will be made. 

[0079] Fig. 8 is an enlarged view corresponding to a 

portion A of Fig. 7D. Referring to Fig. 8, a configuration 
capable of accomplishing the fifth object of the present 
invention will be described. Fig. 8 illustrates a cross 
section of a structure obtained after cleaning the solder 
ball lands 19a by removing the lower portion of each 
protrusion 19, exposed at the bottom of the resin 
encapsulate 4 in the semiconductor package 1, to a desired 
depth and over a desired area, selectively plating gold 
and/or nickel, and/or aluminum, or an alloy thereof on the 
cleaned solder ball lands 19a, and then fusing solder balls 
5, as external input/output terminals, on the plated solder 
ball lands 19a. 

[0080] The semiconductor package fabrication method 

capable of accomplishing the fifth object of the present 
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invention will now be described in conjunction with Fig. 7D 
and Fig. 1. In this method, a lead frame is used which 
includes a plurality of lead frame units 10 each having a 
paddle 16, and a plurality of leads 11 arranged adjacent to 
each of four sides or two facing sides of the paddle. Each 
lead 11 has an inner lead and an outer lead integral with 
each other. The inner lead of each lead 11 has a 
protrusion 19 protruded from the lower surface of the inner 
lead at the inner end of the inner lead 11. This method 
includes a semiconductor chip mounting step for mounting a 
semiconductor chip on the paddle 16 of each lead frame unit 
10, a wire bonding step for electrically connecting the 
mounted semiconductor chip 2 to the inner end of each inner 
lead 11 at the upper surface of the inner lead 11 via a 
conductive wire 3, a resin encapsulate molding step for 
molding a resin encapsulate 4 adapted to encapsulate the 
semiconductor chip along with the conductive wires 3 and 
the inner ends of the inner leads associated with the 
semiconductor chip while allowing each of the protrusions 
19 to have a lower surface exposed at the bottom of the 
resin encapsulate 4, a marking and cleaning step for 
radiating a laser beam onto a surface of the resin 
encapsulate 4, a marking and cleaning step for radiating a 
laser beam onto a surface of the resin encapsulate 4 to 
mark characters or signs of the surface of the resin 
encapsulate 4 while radiating a laser beam onto the lower 
surface of each protrusion 19 to remove set resin coated on 
the lower surface of the protrusion 19 after being flashed 
during the resin encapsulate molding step, thereby cleaning 
the lower surface of the protrusion, an optional solder 
ball attaching step for attaching solder balls 5, as 
external input/output terminals, to the cleaned lower 
surfaces of the protrusions 19, and a singulation step for 
cutting the outer leads of the lead frame strip around the 
resin encapsulates 4 at regions where the outer ends of the 
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outer leads respectively included in adjacent ones of the 
lead frame units 10 are connected to each other. 
[0081] The semiconductor chip mounting step is carried 
out using an adhesive layer 31 and/or an adhesive layer 32 
interposed between the semiconductor chip 2 and the paddle 
16 of the lead frame 10. This can be appreciated by 
referring to the aforementioned description. At the 
marking and cleaning step, a laser beam is radiated onto a 
selected surface portion of the resin encapsulate 4 to 
indicate characters or signs representing the manufacturer 
or model name. Also, a laser beam is radiated onto the 
lower surface of each protrusion 19, thereby removing set 
resin coated on the lower surface of the protrusion 19 
after being flashed during the resin encapsulate molding 
step. Each of the protrusions 19 may have a desired 
irregularity shape having a desired area and a desired 
depth so that the protrusions 19> provide a desired pattern, 
such as a matrix pattern, a line patter, a dot pattern, or 
a line/dot pattern, having an increased surface area, 
thereby being capable of providing an increased fusing 
force of solder balls to be formed at the subsequent solder 
ball attaching step which may be optionally carried out. 
[0082] Optionally, a plating step may also be conducted 
to plate gold and/or nickel, and/or aluminum, or an alloy 
thereof on the cleaned solder ball lands 19a. In this 
case, solder balls 5 serving as external input/output 
terminals can be easily and securely attached to the solder 
ball lands 19a at the solder ball attaching step, 
respectively. 

[0083] The marking and cleaning step is conducted using 
a laser beam emitted from a C0 2 laser, an Nd laser, a diode 
laser, or an excimer laser. The marking step and the 
cleaning step can be performed in a simultaneous or 
sequential fashion using one or more laser. 
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[0084] In accordance with the semiconductor package 

fabrication method for accomplishing the fifth object of 
the present invention, it is possible to safely and surely 
remove, using the existing marking machine, set resin 
coated on solder ball lands after being flashed during a 
resin encapsulate molding process, without causing 
generation of static electricity, formation of cracks, 
environmental pollution, and requirement of any separate 
machine. Accordingly, there is no problem such as a 
degradation in the fusion quality of solder balls 5 
resulting in a break-down of the final product. Thus, this 
method is an economical and efficient semiconductor package 
fabrication method. 

[0085] Although the preferred embodiments of the 

invention have been disclosed for illustrative purposes, 
those skilled in the art will appreciate that various 
modifications, additions and substitutions are possible, 
without departing from the scope and spirit of the 
invention as disclosed in the accompanying claims. 



